Introduction
Microencapsulation technology has been applied to many fields, such as medicine, food, pesticide, cosmetic, metal cutting, dope, printing ink, and additive (Hunkeler D. 1997 , Latyshev V N et al., 1999 , Li Zi-chen et al., 2003 . It can be used for shielding unpleasant odor, separating active ingredients, reducing toxicity and meeting the needs of controlled release. Microencapsulation of α-amylase and catalase can improve the stability of these enzymes, and increase their efficiency and benefits. Moreover, microencapsulated flavors have the characteristics, such as high stability and excellent water-solubility. Traditional microencapsulation methods of water-soluble substances are organic acid volatilization and spay-drying, single-coacervation and dropping coacervation. The organic acid volatilization method is complex method requiring heating and decompressing the acid. The high temperature of spay-drying causes the property deterioration of active substances. Singlecoacervation method normally needs to regulate the pH and temperature of solution and will leave organic acid in the products. The dropping coacervation method is not suitable for temperature-sensitive substances because the diameter of the microencapsulation could be too large for related applications (Zhang Ke-da et al., 2001 , Zhu Shen-shan, 1993 , Zhang Yongchen et al., 2002 . Also, these traditional methods can not expediently control the particle diameter which is closely related to the release rate of some drugs. The particle diameter and release rate are very important for certain drug applications, For example, the required diameter of tumour arterial embolized microencapsulation is about 200µm. There has been a great need for developing new microencapsulation techniques that can encapsulate water-soluble substances and proteins using simple methods with mild conditions. A new microencapsulation method based on high-voltage electrostatic field was previously reported by our group (Li Bao-guo et al., 2000) . In this method, various size microcapsules were easily generated using the high-voltage electric-field droplet generator combined coacervation in a simple, mild, and highly efficient manner. However, when the method of high-voltage electrostatic field was applied to encapsulate water-soluble substances, the retention rate was relatively low. In this study, the method using combined high-voltage electrostatic field and multiple-layer emulsion was used to encapsulate the water-soluble substances. The objective of this study was to investigate the effects of processing parameters of a new microencapsulation method on the characteristics of multiple-layer emulsion.
Materials and methods

Instruments and reagents
A high-voltage electric-field droplet generator used in this study was supplied by University of Shanghai for Science and Technology. AJ5805 injecting pump was obtained from Angel electric equipment Co., Ltd. and H97 magnetic stirrer was purchased from Shanghai Meiyinpu apparatus manufacture Co., Ltd. AE31 convert microscope and FA1104 analytical balance were obtained from Factory of Shanghai exactitude apparatus. Sodium alginate (NaAlg) analytical reagents (AR) were purchased from Shanghai Jinxi Chemical Co., Ltd. Paraffin liquid and Span 80 were pharmacopoeial grade from Shanghai Shenling curatorial chemical Co., Ltd. and Shanghai Curatorial Chemical Reagent Factory, respectively.
Experimental Methods
Based on the method of Akihiro (Akihiro et al., 2005) , the two-step method was used to prepare (water-in-oil)-in-water (W1/O/W2) emulsion. The procedures involved emulsification of distilled water in paraffin liquid. The distilled water was delivered using syringe at controlled flow rates into liquid paraffin containing 1% Span80. The volume ratio of water1 to oil phases was 3:4. The water1-in-oil emulsion was stirred using a magnetic stirrer at 120rpm for 5 minutes. The water1-in-oil emulsion was further emulsified into NaAlg solution, to form the water1/oil/water2 emulsion. The W1/O/W2 emulsion was fed into injector, through the electric field force produced by the high-voltage electric generator and the push of syringe pump (Fig. 1) . The multiple-layer emulsion was dropped into CaCl 2 solution (100mM) through #7 pinhead and then the microcapsules of W1/O/W2 were collected using a centrifuge after washing with distilled water. The characteristics of prepared microcapsules, the sizes, size distributions and the storage stability of microcapsules were examined using an AE31 convert optical microscope. One hundred microcapsules were randomly selected and used for the size measurement. The average diameter of microcapsules was calculated. The microcapsules were stored a refrigerator at 4℃ for one month for examining the stability by observing the shape change before and after the storage. The ratio of distorted microcapsules and normal microcapsules was calculated as the storage stability of microcapsules.
In order to investigate the influence of the voltage, push speed of syringe pump, distance between the pinhead and surface of CaCl2 solution, the ratio of w1-in-oil emulsion and outer phase W2, and NaAlg concentrations used in the tests were 3.15~4.2kV, 40~100mm/h, 3~11cm, 1/1~1/6, and 0.6~1.2%, correspondingly. Fig. 2 shows the relationship between voltage and the average diameter of microcapsules. It can be seen that with the increase of voltage, the average diameter of micro encapsulation rapidly decrease. It appears that voltage is very important factor affecting the diameter of the microcapsules. It was observed that the droplets gradually became spraying states on the pinhead with raising voltage. As the results, some small size microcapsules with wide size distribution were produced. Some of microencapsulates were broken and oil phases were discharged. This could be due to the fact that the too high voltage produce too small droplets form completely emulsion resulting in the oil phase discharge. Because the refractive indexes of w1-in-oil emulsion and outer phase were different, the formed multiple-layer emulsion was opaque. Figure 3 shows the relationship between the push speed and the average diameter of microcapsules. With the increase of push speed, the average diameter of microcapsule increased and the uniformity of microcapsules was improved. However, if the push speed is too high, the produced microcapsules could be too large and easy-to-break. Figure 4 displays the influence of the ratio between w1-in-oil emulsion and outer phase w2 on the average diameter of microcapsule. It shows that average diameter of microcapsules decreased with the increase of the ratio of multiple emulsions to the outer phase. Because the W1/O/W2 emulsion was a kind of Newton liquid, when the ratio of multiple emulsions to the outer phase increased, the concentration and viscidity of multiple emulsion of the outer phase decreased, which resulted in the reduced average diameter of microcapsule, Fig.4 . Influence of the ratio between multiple emulsion and outer phase on diameter Influence of NaAlg concentration on the microencapsulation Figure 5 shows the relation between NaAlg concentration and the average diameter of microcapsules. It can be seen that the diameter increased quickly as the NaAlg concentration exceeding 1% because the viscidity of emulsion depended on NaAlg concentration. When the NaAlg concentration was higher than 1%, the viscidity of emulsion increase more rapidly First emulsion/external aqueous Average diameter( μ m ） resulting in the larger diameter of microcapsules. The oil phase inside the microencapsulation with a low NaAlg concentration was clearly observed through an optical microscope (Fig. 6) . Fig.6 . Microcapsules produced at low NaAlg concentration multiple emulsions
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Conclusion
It has been found that the voltage, distance, and NaAlg concentration had great influence on the diameter of microcapsules when the high-voltage electric-field droplet generator was used to prepare the W1/O/W2 emulsion micro encapsulation. The diameter decreased with the increases in the voltage, distance and NaAlg concentration. However, the push speed had much less effect on the diameter than the outer parameters studied. When the ratio between w1-in-oil emulsion and outer phase w2 increased, the average diameter of microcapsule decrease and the surface of microcapsules became smoother. After one month storage, it was found that the diameter and shape did not change much, which confirmed that the stability of multiple-emulsion was high. This study showed that the microencapsulation preparing method was not only feasible, but also can easily control the diameter.
